Introduction {#s0001}
============

Ambulatory care sensitive conditions (ACSCs) are conditions for which inpatient admissions can potentially be prevented by appropriate and timely outpatient care.\[[@C1],[@C2]\] Primary care services that manage chronic diseases to prevent complications can reduce or even prevent hospitalization. Diabetes is often seen as one of the most important ACSCs and diabetes-related hospital admissions are frequently used as a quality indicator for primary care.\[[@C3],[@C4]\] Diabetes is an increasing public health issue and causes substantial health services use and costs around the world. In Europe, it is estimated that 8.5% of the adult population has diabetes and annual diabetes-related health care costs are at least US\$147 billion worldwide.\[[@C5]\]

Diabetes care is complex and delivered by different care providers in different settings across the healthcare system. Better coordination through all levels of care is hypothesized to result in better health outcomes and fewer hospitalizations. However, evidence for this hypothesis is inconclusive.\[[@C6]\] In most countries, the major part of diabetes care is provided in primary care. Primary care is supposed to provide care close to patients with no access barriers, comprehensive to the needs of patients, coordinate care through all health care levels and is continuous over time.\[[@C7],[@C8]\]

In general, it is believed that primary care for people with early stage diabetes will result in better health and save health care costs. Some features of primary care can influence rates of hospitalization for diabetes.\[[@C6],[@C9]\] For instance, the relationship between better access to primary care and fewer admissions for ACSCs, including diabetes, has been confirmed in several studies.\[[@C9],[@C10]\] Also patients who have a continuous relationship with their care providers have overall better health outcomes in terms of fewer emergency department visits and better control of chronic diseases.\[[@C11]\] Several studies have shown that patients with a continuous relationship with their primary care provider have less chance of being admitted for diabetes complications.\[[@C12]--[@C15]\] Likewise, patients in primary care networks that focus on good access to care and employ multidisciplinary teams have fewer hospital admissions.\[[@C16]\]

Most studies investigating the relationship between primary care and diabetes-related hospitalizations focus on a single healthcare system, rather than comparing healthcare systems. A study by Kringos and colleagues compared system features of different European primary care systems and showed a correlation between better accessibility and lower rates of diabetes-related hospitalization.\[[@C17]\] The main research question of the present study is whether strong primary care suffices to prevent potentially avoidable hospital admissions for diabetes. We extend the work of Kringos by using experiences of general practitioners (GPs) and patients with aspects of primary care. First, we will examine whether differences between countries in prevalence of diabetes-related hospitalization are related to differences in the organization of primary care, in terms of continuity, access, comprehensiveness, and coordination, and second which of these aspects are important in reducing diabetes-related hospitalizations. Third, we will explore the influence of hospital bed supply on diabetes-related hospitalizations. The overall rate of avoidable hospital admissions may partly be determined by countries' capacity to admit patients; countries with a higher number of hospital beds are assumed to be more likely to admit patients.

Material and methods {#s0002}
====================

Data sources {#s0003}
------------

Two data sources were used to explore the association between primary care organization and the rate of diabetes-related hospitalizations ([Figure 1](#F1){ref-type="fig"}). First, data on hospitalization for diabetes at country level were obtained from the OECD Healthcare Quality Indicators project.\[[@C3]\] For 22 countries, age and sex-standardized hospitalization rates were obtained per 100 000 population. Additionally, data on hospitalization for England were obtained from NHS England; the data had been collected in accordance with the definition of the OECD healthcare quality indicator data collection. Figure 1. Used data sources.

Second, data regarding the organization of primary care were collected in the context of the cross-sectional QUALICOPC study (Quality and Costs of Primary Care in Europe), by means of standardized surveys among GPs and patients in 31 European countries including the EU 27 (except for France), FYR Macedonia, Iceland, Norway, Switzerland, and Turkey and three non-European countries (Australia, Canada, and New Zealand). Data collection took place between October 2011 and December 2013. In each country a national representative sample of GPs filled out a questionnaire (target *n* = 220; for Cyprus, Iceland, Luxembourg, and Malta *n* = 80). Random sampling was used to select practitioners in countries where national registers of practitioners were available. In countries with only regional registers, random samples were drawn from regions that represent the national setting. If only lists of facilities in a country existed a random selection of these lists was made. Per practice or health centre, one GP was eligible for participation. Information on participation rates can be found elsewhere.\[[@C18],[@C19]\] In every GP practice, nine people who visited the GP filled out a patient experience questionnaire concernning the consultation that had just occurred. Patients do not necessarily have diabetes, but they constitute a sample of the general population. Ethical approval was acquired in accordance with the legal requirements in each country. Details concerning the study protocol and questionnaire development have been published elsewhere.\[[@C20],[@C21]\]

Dependent variables {#s0004}
-------------------

We would have liked to measure the dependent variables on patient level. This was, however, not achievable because the prevalence of avoidable hospitalization is low, for example the mean prevalence of asthma in the included countries was 49 per 100 000. An individual level analysis would not be feasible at such an international level with any dataset available. Therefore, we used an aggregated measure on a higher level. Data on diabetes-related hospitalizations at country-level were available for uncontrolled diabetes, long-term complications, and short-term complications. These three outcome measures were used as dependent variables. Short-term complications were defined as not maternal or neonatal, that occur in people aged 15 years or older and are the result of an insulin deficiency. Examples include coma or ketoacidosis. Long-term complications were defined as not maternal or neonatal, that occur in people aged 15 years or older, and include complications like renal, eye, or circulatory problems. Admissions for uncontrolled diabetes included inpatient admissions with the principal diagnosis code for uncontrolled diabetes. Details on which ICD-codes are included in the three outcome measures are presented in appendix Table SI.

Independent variables {#s0005}
---------------------

The independent variables are measured based on the responses of the GP and patient to the questionnaire of the QUALICOPC study. For the operationalization of organizational characteristics of primary care, nine scales were created for the following concepts: continuity, comprehensiveness, coordination, and access. Scale scores range from 0 to 10; the higher the score the better a concept is incorporated within a country. Details on the scales can be found in appendix Table SII. *Continuity*: Two scales were created for primary care continuity: longitudinal continuity and informational continuity. Longitudinal continuity indicates the long-term relationship between primary care providers and patients, and informational continuity refers to the availability of patients' medical information, such as medical records.*Coordination*: Coordination of care refers to the ability of the system to coordinate care across different levels of healthcare. Two scales were included: GPs' involvement in chronic care management for diabetes and skill mix within GP practices. Skill mix included the following disciplines working within GP practices besides GPs: receptionist/medical secretary, practice nurse, community or home care nurse, nurse practitioner, laboratory assistant, physiotherapist, and pharmacist.*Comprehensiveness*: Comprehensiveness of care indicates the availability of services in GP practices to serve the needs of patients, including the availability of medical equipment for diagnosis and management of diabetes, health-promotion activities that are systematically performed, and the broadness of GPs' task profile.*Access*: Access to primary care services was measured by two features: patient perceived access and out-of-hours care arrangements.

Statistical analyses {#s0006}
--------------------

Because of the high aggregation level of the dependent variables, the independent variables were also summarized at country level. To be able to do so, scale scores were created using the ecometrics approach in which multi-level analyses were used to construct a contextual variable at a higher level unit based on several related individual variables.\[[@C22]\] An additional level for the related scale items was added in a multi-level model. We used a four-level model (items, patients, GPs and countries). To calculate the average scale value, a weighted item average was used for each item and the item variance was taken into account. The scales are created using MLwiN and range from 0 to 10. The reliability of all constructed ecometric scales was estimated based on the variance at the different levels, i.e. items nested within respondents and respondents nested within countries.\[[@C22]\] The correlation between the different scales is presented in appendix Table SIII.

After creating the scales, the associations between dependent and independent variables were estimated with negative binomial analyses using Stata 13™ (StataCorp LP, College Station, TX, USA). Negative binomial analyses were preferred to normal Poisson regression because of over-dispersion of the dependent variables. All independent variables were analysed separately because of the small number of observations. First, the association between dependent and independent variables was controlled for diabetes prevalence. Diabetes prevalence was derived from the International Diabetes Federation (IDF) Atlas.\[[@C5]\] Second, the models were estimated including a variable for hospital bed supply. This variable was derived from the OECD health data and defined as the total number of available hospital beds per 1000 population.\[[@C3]\] Incident rate ratios (IRR) were calculated. Because of low statistical power, p-values of both 0.05 and 0.10 are presented. Residual analyses were done to identify potential outliers and influential cases.

The following countries were included in the analyses: Australia, Austria, Belgium, Canada, Czech Republic, Denmark, England, Finland, Germany, Hungary, Iceland, Ireland, Italy, Latvia, New Zealand, Norway, Poland, Portugal, Spain, Sweden and Switzerland. The Netherlands and Slovenia were excluded from the analyses of uncontrolled diabetes hospital admission because of lacking data.

Results {#s0007}
=======

Scales on the primary care characteristics were created with scale scores for 23 countries based on questionnaires from 45 082 patients and 5098 GPs. Sample sizes per country can be found in [Table 1](#TB1){ref-type="table"}. The reliability of the scales created varied from 0.856 to 0.997. [Table 2](#TB2){ref-type="table"} gives the mean and range of the variables. [Table 3](#TB3){ref-type="table"} gives the results of the regression analyses both controlled and not controlled for hospital bed supply. In all analyses of admission rates for uncontrolled diabetes and long-term complications, hospital bed supply had a strong positive association with hospitalization rates. Table 1.Sample sizes per country within QUALICOPC study.CountryNo. of general practitioners questionnairesNo. of patient experience questionnairesAustralia1131190Austria1801596Belgium4113677Canada5535009Czech Republic2201980Denmark2121878England1601296Finland1391196Germany2372117Hungary2211934Iceland90761Ireland1911694Italy2191959Latvia2181951Netherlands2282012New Zealand1311150Norway2031529Poland2201975Portugal2121920Slovenia2191963Spain4333731Sweden88773Switzerland2001791Total509845 082 Table 2.Description of dependent and independent variables.**Dependent variable:**Mean rate per 100 000Lowest (country)Highest (country)HospitalizationLong-term diabetes complications87.619.4 (England)249.9 (Hungary)Short-term diabetes complications18.37.8 (Italy)37.5 (Ireland)Uncontrolled diabetes43.27.2 (Australia)180.7 (Austria)**Independent variable:**Mean (SD)Lowest (country)Highest (country)ContinuityLong-term continuity9.37 (0.49)7.83 (Sweden)9.78 (New Zealand)Availability of medical information8.99 (0.61)7.76 (Hungary)9.82 (Canada)CoordinationSkill mix3.13 (2.14)0.27(Belgium)7.88 (Finland)Diabetes chronic care management6.16 (1.72)2.89 (Switzerland)8.88 (England)ComprehensivenessMedical equipment6.61 (2.10)1.93 (Italy)9.73 (Switzerland)Task profile7.46 (0.68)6.09 (Czech Republic)8.46 (Sweden)Health promotion1.59 (1.02)0.41(Denmark)3.95 (England)AccessOrganizational access8.72 (0.43)7.60 (Spain)9.30 (Netherlands)Out-of-hours care6.55 (2.50)1.42 (Italy)9.85 (Netherlands)**Control variable:**MeanLowest (country)Highest (country)Diabetes prevalence (%)6.23.3 (Iceland)9.8 (Portugal)Hospital bed supply, rate per 10004.62.7 (Sweden)8.3 (Germany) Table 3.Results of negative binomial regression analyses of avoidable diabetes admissions and characteristics of primary care organization[^1^](#TF2){ref-type="table-fn"}.Uncontrolled diabetes (*n* = 21)Long-term complications (*n* = 23)Short-term complications (*n* = 23)IRR95% CIIRR95% CIIRR95% CI**Continuity**Long-term continuityModel 10.540.25--1.190.860.43--1.700.860.59--1.26Model 2**0.64**[^3^](#TF4){ref-type="table-fn"}**0.39--1.04**1.000.66--1.530.840.58--1.22Availability of medical informationModel 1**0.44**[^2^](#TF3){ref-type="table-fn"}**0.28--0.700.48**[^2^](#TF3){ref-type="table-fn"}**0.32--0.701.31**[^3^](#TF4){ref-type="table-fn"}**0.97--1.75**Model 20.730.40--1.340.740.48--1.151.310.90--1.89**Coordination**Skill mixModel 10.920.81--1.06**0.85**[^2^](#TF3){ref-type="table-fn"}**0.76--0.96**1.040.96--1.13Model 21.050.92--1.190.960.86--1.081.030.94--1.12Diabetes chronic care managementModel 11.080.86--1.350.970.80--1.181.090.98--1.21Model 21.080.92--1.271.020.88--1.171.080.97--1.20**Comprehensiveness**Medical equipmentModel 11.100.91--1.320.870.74--1.031.000.91--1.10Model 2**1.14**[^2^](#TF3){ref-type="table-fn"}**1.02--1.28**0.970.86--1.090.990.90--1.09Task profileModel 10.720.45--1.14**0.57**[^2^](#TF3){ref-type="table-fn"}**0.71--0.78**1.110.87--1.43Model 2**2.15**[^2^](#TF3){ref-type="table-fn"}**1.36--3.41**0.910.61--1.361.020.71--1.47Health promotionModel 11.130.77--1.661.040.73--1.491.030.87--1.24Model 20.890.68--1.160.890.70--1.121.050.88--1.25**Access**Organizational accessModel 11.500.69--3.25**2.31**[^2^](#TF3){ref-type="table-fn"}**1.22--4.37**1.060.70--1.62Model 20.840.46--1.53**1.66**[^2^](#TF3){ref-type="table-fn"}**1.07--2.60**1.130.74--1.73Out-of-hours careModel 11.050.91--1.22**0.91**[^3^](#TF4){ref-type="table-fn"}**0.82--1.01**1.000.92--1.07Model 2**1.09**[^3^](#TF4){ref-type="table-fn"}**0.99--1.21**0.960.89--1.040.990.92--1.06[^2][^3][^4][^5]

Continuity {#s0008}
----------

The variation in continuity of care between countries was small for both measures. The mean score for long-term continuity was 9.4 on a scale from 0 to 10, with Sweden showing the lowest score (7.8), and New Zealand showing the highest score (9.8). There was no significant association between long-term continuity of primary care and rates of avoidable hospitalization for diabetes-related complications. When controlled for diabetes prevalence and hospital bed supply, countries with higher scores on the long-term continuity scale had lower incidence rates of uncontrolled diabetes admissions (IRR 0.64, 95% CI 0.39--1.04, p \< 0.1).

The mean score for the availability of medical information was 9.0, with a range from 7.8 in Hungary to 9.8 in Canada. When controlled for diabetes prevalence, the availability of medical information was strongly associated with lower admission rates for uncontrolled diabetes and long-term complications.

Coordination {#s0009}
------------

There was more variation between countries on the primary care feature "coordination of care" compared with continuity. England, Germany, and Denmark scored the highest on the scale for diabetes chronic care management, with scores higher than 8 on a scale from 0 to 10. Switzerland, Iceland, and Norway were less involved in diabetes chronic care management, having scores below 4. Involvement in chronic care for diabetes was not associated with diabetes-related admission rates.

A large degree of variation was found between countries for skill mix within primary care. Belgium had the lowest number of disciplines working in GP practices, scoring 0.3, while Finland scored 7.9. When controlling for diabetes prevalence, a broader skill mix was associated with lower admission rates for long-term complications (IRR 0.85, 95% CI 0.76--0.96). However, after controlling for hospital bed supply, the association had the same direction but was no longer statistically significant.

Comprehensiveness {#s0010}
-----------------

Scores on availability of medical equipment in GP practices used for management of diabetes was lowest in Italy (1.9) and highest in Switzerland (9.7). More medical equipment was significantly associated with higher rates of avoidable hospitalization for uncontrolled diabetes (IRR 1.17, 95% CI 1.02--1.33).

Health-promotion activities performed by GPs were not common in most countries. All countries scored below four on the scale from 0 to 10, with Denmark scoring lowest with a score of 0.41. Health promotion was not associated with diabetes admissions.

In Sweden, GPs had the broadest task profile; the score was 8.5. The broader the GP's task profile, the higher the incidence rate of uncontrolled diabetes hospital admissions when controlled for diabetes prevalence and hospital bed supply (IRR 2.15, 95% CI 1.36--3.41). When controlled for diabetes prevalence, the results for admissions for long-term complications showed a decrease in incidence rate for a broader task profile (IRR 0.57; 95% CI 0.71--0.78). After additional controlling for hospital bed supply, this association was no longer statistically significant.

Access {#s0011}
------

Patient-perceived access was high in all countries. The mean score was 8.7. A higher perceived access was associated with a higher incidence rate of admissions for long-term complications (IRR 1.66, 95% CI 1.07--2.60). The availability of out-of-hours GP care varied widely between countries. Italy scored lowest (2.0) and the Netherlands scored highest with 8.8. Out-of-hours primary care arrangements were not associated with rates of diabetes-related admissions.

Discussion {#s0012}
==========

The results of this study show that when taking country differentials in hospital bed supply into account, countries where GP practices have more medical equipment, and GPs have a broader task profile, rates of hospital admission for uncontrolled diabetes tend to be higher. In addition, patients perceiving better accessibility are more likely to be admitted for long-term complications.

We hypothesized that healthcare systems with easy access to primary care have lower hospitalization rates because problems are detected at an earlier stage and disease deterioration can be prevented. However, the results reject this hypothesis and show an association in the opposite direction: in countries where patients experience good access, patients have a significantly higher chance of being admitted for long-term complications.

Kringos investigated the association between primary care accessibility and rates of admission for short-term complications and showed that this association was correlated with reduced rates of hospitalization.\[[@C17]\] In the present study we found no such association, which might be explained by differences in data collection and analyses.

Continuity of primary care in this study is not associated with reduced diabetes admissions rates when hospital bed supply is taken into account. One possible explanation is that all countries scored high on continuity, with little variation between countries. In several national studies, patients with a continuous relationship with their primary care providers have a lower chance of being admitted for diabetes complications.\[[@C6]\] Likewise, countries that coordinate care within disease management programmes are not necessarily correlated with reduced diabetes admissions rates. Disease management programmes are often assumed to improve patient health outcomes and reduce health care costs. However, the effectiveness of such programmes is ambiguous and debated.\[[@C6],[@C23]\]

In this study we found several results which reject our hypothesis that strong primary care prevents avoidable hospital admissions. We found some expected associations but they disappeared when hospital bed supply is taken into account. The higher the number of hospital beds in a country, the higher the number of avoidable hospital admissions. In our study, a country's number of hospital beds seems to have more impact than aspects of good primary care, or rather the effect of primary care on reducing admissions is overshadowed by hospital bed supply.

The interaction between number of hospital beds, primary care, and admissions may be more complicated than it seems. The correlation between hospital beds and admissions is consistent with previous studies and is often explained by Roemer's Law: "a built bed is a filled bed".\[[@C24]--[@C26]\] When hospital bed occupancy is low, hospitals may be tempted to fill beds by easing indication criteria for admissions. GPs may be more likely to refer patients when thresholds are lower. Such an effect was shown for the Netherlands.\[[@C27]\] On the other hand, there may also be a reverse causation. In our study, we found that countries with more skill mix as well as broader task profiles in primary care also had a lower hospital bed supply. Such countries are probably more primary care oriented, deal with more health problems in primary care, and therefore need fewer hospital beds. Longitudinal studies, containing data before and after system reforms, are required to further unravel these relations.

Certain potential limitations to this study must be recognized. The analyses were performed at country level, with small numbers of observations. Avoidable hospitalization rates were not measured at patient level within the framework of the QUALICOPC study. At that level hospitalization rates are too low to measure, which would have led to insufficient statistical power. In addition, to avoid over-determination, only a few variables could be added simultaneously in the regression analyses. Therefore, we were unable to include all primary care measures in the multivariate model. Another downside of the use of country-level data was that, although the data were standardized on age to the OECD population, other relevant patient characteristics such as comorbidities could not be included.

Another limitation is that a sample of the general population who visited the GP were asked to participate in the QUALICOPC study. Therefore the participants did not necessarily have diabetes. Perspectives of the general population may differ from those who have diabetes, which is not taken into account in this study. Finally, the OECD states that differences in coding and differences in disease classification systems between practices and countries may affect the comparability of data.\[[@C3]\] For instance, we have seen that there is a very large range between countries in rates of avoidable hospitalizations. This might partly be explained by coding differences. The OECD is currently working on a combined measure for diabetes-related avoidable hospitalization in order to avoid this problem. Another problem of working with OECD data is that a distinction between type 1 and type 2 diabetes was not possible. The treatment for the two types differs, which may have affected the results. On the other hand, some primary care characteristics, such as continuity and accessibility, are important for both types.

The results show that the effect of primary care on reducing potentially avoidable hospitalizations, as was found in several studies focusing on one country or one healthcare system, is not necessarily confirmed between countries or between healthcare systems. The association between primary care and hospitalization might be influenced by other organizational factors. Countries differ with regard to the organization of primary care and other outpatient services. In some countries other ambulatory care settings feature more prominently in the healthcare system and may contribute to reducing diabetes-related admissions, like outpatient clinics, prevention clinics, and diagnostic and therapy services. The role of outpatient care in decreasing the rate of hospitalization for ACSCs, such as diabetes, has not yet been explored. In addition, different payment models for primary and secondary care exist within and between countries. They may conceivably have an effect on avoidable admissions. These models are not taken into account in the current study. The role of outpatient services and payment models is beyond the scope of the current study; however, it is good to bear in mind these considerations when interpreting our findings.

Hospitalizations for diabetes are supposed to be avoidable by timely and appropriate primary care. The present study showed that countries with elements of strong primary care do not necessarily have lower rates of diabetes-related avoidable hospitalization. That is to say, strong primary care alone might not suffice to reduce hospitalizations for conditions such as diabetes.
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[^2]: Notes: All primary care characteristics were analysed separately. Bold values indicate either p \< 0.10 or p \< 0.05.

[^3]: Model 1 shows the results controlled for diabetes prevalence only; model 2 shows the results controlled for diabetes prevalence and hospital bed supply. IRR =incident rate ratio.

[^4]: *p* \< 0.05

[^5]: *p* \< 0.10.
